Objective To investigate associations in toddlers born extremely preterm (<28 weeks) between neonatal neuroimaging and 18-to 22-month developmental and behavioral outcomes. Results Of the 397 children, positive BITSEA screens were found in 34% for the Problem score and 26% for the Competence score. Presence of lesions on near-term MRI that included cerebellar lesions were significantly associated with lower BITSEA Competence but not with Problem scores; Competence scores were inversely related to the presence/significance of lesions. Positive screens on Competence scores and on both Competence and Problem scores were significantly associated with Bayley-III cognitive and language scores <85 (P < .001).
Although most studies of behavioral outcomes in children born preterm evaluate children at school age or adolescence, poor self-regulation and social functioning have been described as early as 2 years of age. 6 There is limited evidence that deficits found at preschool age remain stable from early childhood through school age, 7 although longitudinal studies of behavior in children born preterm are rare. 8 Although the etiology of behavioral abnormalities in children born preterm is unknown and likely to be multifactorial, perinatal brain injury has been implicated as a contributing cause. Children born preterm are at high risk for brain injury, particularly white matter injury. 9, 10 Abnormalities on cranial ultrasonography (CUS) and conventional brain magnetic resonance imaging (MRI) at term-equivalent age have been associated with cognitive, psychomotor, and neurosensory delays at 18-24 months of age. 11, 12 Abnormalities in specific brain regions may have a role in behavioral outcomes. Limperopoulos et al demonstrated that early cerebellar injury noted on CUS and confirmed with MRI was associated with behavioral, cognitive, language, and motor deficits in children born very preterm at 34 months of age. 13 The purpose of this study was to investigate the associations between abnormalities on CUS and near-term conventional brain MRI and behavioral, cognitive, and language outcomes in toddlers born extremely preterm (<28 weeks of gestation; EPT) at 18-22 months. We hypothesized that composite adverse findings on early and late CUS and severity of white matter abnormalities (WMAs) and significant cerebellar lesions on near-term MRI would be associated with the Brief Infant Toddler Social Emotional Assessment (BITSEA) 14 Problem and Competence Scale scores and positive screen rates. A second hypothesis was that associations with scale scores would remain after we controlled for other demographic, perinatal, and in-hospital variables and that significant cerebellar lesions on near-term MRI would be associated with standardized BITSEA Problem and Competence scale scores and positive screen rates for each scale after controlling for such variables. Our third hypothesis was that positive screen rates would be associated with significantly lower Bayley Scales of Infant Development, Third edition (Bayley-III) cognitive and language composite scores.
Methods
This study was a secondary analysis of data from the prospective Eunice Kennedy Shriver National Institute of Child Health and Development Neonatal Research Network (NRN) Surfactant Positive Airway Pressure and Pulse Oximetry Trial Neuroimaging and Neurodevelopmental Outcomes (NEURO) Study of infants born EPT (ClinicalTrials.gov: NCT00063063 and NCT00233324). 11 Children eligible for inclusion were enrolled in the NEURO study and seen for 18-to 22-month follow-up examination at 1 of the 16 participating centers. The follow-up examination included the BITSEA and the Bayley-III. Bayley-III testers were unaware of neuroimaging and predischarge morbidities. The NEURO study enrolled children The NEURO protocol required an "early CUS" at 4-14 days, "late CUS" at 35-42 weeks of postmenstrual age (PMA), and conventional MRI of the brain at 35-42 weeks of PMA within 2 weeks of the late CUS. CUS and near-term MRI studies were interpreted by separate, masked, central readers. "Composite adverse findings" on early and late CUS, severity of white matter abnormalities on near-term MRI, 9, 12 and "significant cerebellar lesions" on near-term MRI were assessed. 11 A composite adverse finding on early CUS was defined as presence of grade III or IV intraventricular hemorrhage (IVH) or cystic periventricular leukomalacia (PVL) on either or both sides. A composite adverse finding on late CUS was defined as cystic periventricular leukomalacia (cPVL), porencephalic cyst, or moderate-to-severe ventricular enlargement (defined as a ventricular-to-brain ratio of 1:3 to 2:3 and >2:3, respectively, on either or both sides), or shunt. Significant cerebellar lesions were defined as lesions that were bilateral, cystic (cystic spaces including volume loss or atrophy), and/or ≥4 mm in size. Adverse findings on near-term MRI were defined as moderate or severe WMAs and/or significant cerebellar lesions.
BITSEA and Bayley-III
The BITSEA is a parent-completed rating scale for children 12 months, 0 days to 35 months, 30 days.
14 It includes 42 items and yields standardized scores for the Problem and Competence Scales based on age and sex. The Problem Scale assesses for externalizing problems (ie, disruptive or aggressive behaviors), internalizing problems (ie, anxiety, withdrawal), dysregulation, and maladaptive and atypical behaviors. Greater Problem Scale scores indicate more difficulties in these areas. The Competence Scale assesses the social emotional competencies that emerge at this age, such as symbolic and imitative play and cooperation. Lower Competence Scale scores indicate lower social emotional competencies. Total standardized scores and positive screen scores were assessed for each of the scales. Competence Scale scores of ≤13 or ≤15 (for boys and girls, respectively) and a Problem Scale ≥15 indicate positive screens for children aged 18-23 months. 14 Using the NRN definition, we considered infants to have neurodevelopmental impairment if they had at least 1 of the following conditions: moderate or severe cerebral palsy, Gross Motor Function Classification System level of at least 2 (on a scale of 1-5, with 5 indicating the most severe impairment), profound hearing loss requiring amplification in both ears, profound visual impairment with visual acuity of less than 20/ 200 in both eyes, or cognitive impairment. Cognitive impairment was defined as a Bayley-III cognitive composite score of <85 (1 SD below the mean ± SD score of 100 ± 15). Bayley-III scores range from 55 to 145; lower scores indicate a greater degree of developmental delay. We selected 85 as a cutoff point to adjust for the difference between the Bayley-II and Bayley-III in estimating cognitive performance on the basis of data showing 97% agreement between a Bayley-II Mental Developmental Index score <70 and a Bayley-III cognitive composite score <85. To further explore the relationship between BITSEA scores and Bayley-III cognitive and language scores, we categorized children into 4 groups based on positive screens on the 2 BITSEA scales: (1) did not screen positive on either the Problem Scale or Competence Scale, (2) positive screen based on Competence Scale score only, (3) positive screen based on Problem Scale score only, and (4) positive screens based on both Problem Scale and Competence Scale scores. Using c 2 tests, we compared the number of children with Bayley-III cognitive or language scores <85 who fell into each of those 4 groups.
Next, we tested for differences in BITSEA Problem and Competence Scale scores based on neuroimaging findings on the early CUS, late CUS, and near-term MRI, described in the Methods section. In addition, we compared BITSEA scores by whether near-term MRI indicated any cerebellar lesions, any noncerebellar lesions only (those who had any WMA and/or lesion outside of the cerebellum only), or no lesions. There was no overlap in categories; however, it should be noted that the "cerebellar lesions" category includes those who have cerebellar lesions regardless of whether they also have supratentorial noncerebellar lesions. Linear trends were tested using the Cochrane-Armitage test for positive screens and contrasts in ANOVA for mean Problem and Competence Scale scores. Finally, we fit generalized linear mixed effect models of BITSEA scores by neuroimaging findings. Analysis included center as a random effect and controlled for the following variables, using previously described definitions 11 : birth weight, gestational age, multiple gestation, race/ethnicity, sex, antenatal steroids, Medicaid status, cesarean delivery, late-onset sepsis, surgery for retinopathy of prematurity (ROP), necrotizing enterocolitis (NEC), patent ductus arteriosus (PDA), postnatal steroids, and bronchopulmonary dysplasia.
Results
Three hundred ninety-seven children were included in the study. Children were enrolled from February 2005 to February 2009. The sample selection process is illustrated in Figure 1 (available at www.jpeds.com) and the demographic, perinatal, and neonatal characteristics of the 397 children included in the present analyses are shown in Table I . We compared the characteristics of the 46 children not included in the analyses due to missing BITSEA scores to the 397 included. Those included in our analyses were less likely to be male (54% vs 69%, P = .047) and more likely to have had surgery for ROP, NEC, or PDA (19% vs 7%, P = .041).
BITSEA Positive Screen Rates
Overall rates of positive screens on the BITSEA Problem and Competence Scales were 34% and 26%, respectively. As shown in Table II , there were significant race/ethnicity differences in positive screen rates on the Problem Scale (P = .028), with black children having the greatest number of positive screens (44%) and children in the "other" race category having the least (21%). In addition, Medicaid enrollment was associated with greater Problem Scale positive screen rates (P < .001). Positive screens on the Competence Scale occurred more frequently among children with lower birth weight (<750 g) (P = .045), who had severe ROP (P < .001), or who had surgery for PDA, NEC, and/ or ROP (P = .005). In addition, children with Bayley-III cognitive or language composite scores <85 were significantly more likely to have positive screens on the Competence Scale (P < .001).
Mean BITSEA Scores
As with positive screen rates, there were race/ethnicity and Medicaid enrollment status differences in Problem Scale mean scores, with black children and children enrolled in Medicaid having significantly greater Problem Scale scores than other groups (P < .001 for both; Table II ). Multiple gestation also was associated with greater Problem Scale scores (P = .001). Male children, children with birth weight <750 g, and those born at 24 weeks of gestation had significantly lower (worse) Competence Scale scores (P < .001, P = .003, and P = .037, respectively). Children who received postnatal steroids, surgery for PDA, NEC, and/or ROP or a diagnosis of severe ROP also had lower Competence Scale scores (P = .032, P = .001, and P < .001, respectively). Finally, children with Bayley-III cognitive or language composite scores <85 had significantly lower Competence Scale scores (P < .001).
Bayley-III Cognitive and Language Composite Scores <85 and BITSEA Positive Screen Rates
Children with Bayley-III cognitive or language composite scores <85 had significantly lower BITSEA Competence Scale scores (P < .001) and significantly greater rates of positive screens on the Competence Scale (P < .001; Table III ). Children with positive screens on both the Problem and Competence scales were also more likely to have Bayley-III cognitive and language composite scores <85 (P < .001 for both) (Figure 2 ; available at www.jpeds.com). Mean BITSEA Problem Scale scores and positive screen rates were not significantly associated with Bayley-III scores <85. 
Neuroimaging Findings and BITSEA Scores
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Volume 204 had significant cerebellar lesions. The majority of noncerebellar lesions included isolated abnormalities in cerebral white matter signal. These types of lesions comprised 77% of noncerebellar lesions in children with cerebellar lesions and 96% of the lesions found in the "noncerebellar lesions only" group. The "noncerebellar lesions only" group also included a small number with abnormal signal in the basal ganglia or thalamus (only 1%-5% for all). There was no association between positive screens on either scale and neuroimaging findings, before or after adjustment for study site, demographic and medical characteristics. Although cerebellar lesions were associated with greater positive screen rates on the Problem and Competence Scales, these findings did not reach statistical significance (Table V; available at www.jpeds.com). The presence of cerebellar lesions on near-term MRI was significantly associated with lower mean BITSEA Competence Scale scores (P = .001). Competence Scale scores were highest (best) for children with no lesions, next highest for those with noncerebellar lesions only, and lowest (worst) for those with cerebellar lesions. Mean Competence Scale scores were also significantly lower for children with significant cerebellar lesions compared with those with nonsignificant lesions and no lesions (P < .001). The differences in Competence Scale scores for children with any cerebellar lesions (vs no lesions) remained significant after we controlled for study site and demographic and medical characteristics (P = .04; Table IV ). However, in evaluating the differences between children with significant cerebellar lesions on near-term MRI compared with those without, the findings did not reach statistical significance after we controlled for other factors (P = .092; Table IV ). There was no association between the presence of cerebellar lesions ≥4 mm in size and BITSEA scores, which is consistent with other studies. 17, 18 Of the 65 infants with cerebellar lesions, 50 also had noncerebellar lesions and 15 did not have noncerebellar lesions. When we compared the BITSEA scores of the children with cerebellar and noncerebellar lesions with those with cerebellar lesions only, the mean scores were nearly identical and therefore, considering the small sample sizes, we collapsed the 2 categories. For example, the adjusted mean competence scores for children with cerebellar and noncerebellar lesions were 15.74 compared with 15.75 for children with cerebellar lesions but no noncerebellar lesions (P = .990). The mean (SD) PMA at the time of near-term MRI was 37.8 (2.2) weeks, and the median (IQR) was 37. 4 (36.1-39.0) weeks. When we examined PMA at the time of MRI in the models of the relationship between MRI results and BITSEA problem and competence scores, the results did not change.
Discussion
In this cohort of children born extremely preterm, we have demonstrated that the presence of cerebellar lesions on nearterm MRI is significantly associated with lower BITSEA Competence Scale scores but not worse Problem Scale scores, and that Competence Scale scores were inversely related to the presence and significance of cerebellar lesions on near-term MRI. Those with cerebellar lesions had lower social emotional competencies compared with those without these lesions. This relationship remained significant even after we controlled for study site and demographic and medical characteristics. BITSEA Problem Scale scores and positive screens were not associated with any CUS or near-term MRI findings. Positive screens on the Competence Scale were significantly associated with Bayley-III language and cognitive composite scores <85, indicating that children who screened positive for difficulties 12.8 (10.9-14.6) .798 16.5 (15.4-17.5) .883 IVH grade .801 17.2 (15.9-18.5) . .230 16.0 (15.0-17.0) .091 IVH grade 3-4/cPVL 10.9 (7.8-14.0) . 200 17.0 (15.3-18.6) .799 Severity of WMA .982 16.4 (15.7-17.2) .272 .534 16.8 (15.7-17.9) .865 (10.5-13.6) .551 16.5 (15.6-17.4) .452 Cerebellar lesions 13.5 (11.6-15.5) .339 15.7 (14.6-16.8) . 14.2 (11.3-17.1) .230 15.9 (14.4-17.4) .261 Significant lesions 13.2 (10.7-15.6) .517 15.7 (14.4-17.0 with social emotional competencies were more likely to have moderate deficits in language and cognition. CUS and MRI at term-equivalent age have been associated with cognitive, psychomotor, and neurosensory delays at 18-24 months of age 11, 12, 19 and at school age. 20 In unadjusted analyses, early CUS, late CUS abnormalities, and moderate or severe WMA on near-term MRI were associated with adverse cognitive and neuromotor outcomes at 18-22 months of corrected age in the primary NEURO study. 11 In addition, significant cerebellar lesions on near-term MRI and late CUS adverse findings were both independently associated with neurodevelopmental impairment or death and with significant gross motor impairment or death, even after we controlled for demographic and medical variables. Further, we recently found that cerebellar lesions on near-term MRI were associated with lower mean full-scale IQ (FSIQ) scores, greater rates of FSIQ scores <70 and <85, and greater rates of moderateto-severe neuromotor disability (defined as an FSIQ score <70, cerebral palsy with a Gross Motor Function Classification System level ≥2, severe hearing impairment, or severe vision impairment) at 6-7 years of age in the NEURO cohort. 20 However, apart from this study, there are limited data describing early behavioral correlates to imaging findings. 13, 21 The current findings demonstrate that cerebellar abnormalities on near-term MRI also are associated with early behavioral abnormalities, which are in turn, associated with moderate cognitive and language delay at 18-22 months. Although cerebellar injury has been linked to motor, visuospatial, cognitive, and language outcomes in children born preterm, [22] [23] [24] [25] there are few studies linking cerebellar abnormalities on near-term MRI with early behavioral outcomes in EPT children. 13, 25, 26 It is notable that no other neuroimaging findings were associated with behavioral outcomes and that the behavioral abnormalities seen primarily involved deficits in social-emotional competence, rather than problem behaviors.
Cerebellar abnormalities may result from altered neurogenesis, even in the absence of cerebral injury in infants born preterm, 23 which could partially explain the lack of association of behavioral outcomes with neuroimaging abnormalities outside the cerebellum. In addition, the cerebellum is critically involved in visuomotor functioning via a cerebellocerebral network. In this network, afferent connections from the posterior parietal cortex provide input to the cerebellum via the pontine nuclei, and output from the cerebellum returns to the posterior parietal cortex via the thalamus. 23 Although the posterior parietal cortex plays a critical role in visuomotor functioning, the cerebello-cerebral network is also critically important for visuomotor and visuospatial processing. 13, 23 Through cerebellar interconnectedness with the cerebral hemispheres, the cerebellum is also vital in cognitive and emotional functioning. 27 The BITSEA Competence Scale assesses competencies that emerge in infancy and the early toddler years, such as curiosity, interest in new things, mastery motivation, awareness of others' feelings, attention skills, social relatedness, symbolic and imitative play, play with peers, cooperation, and compliance with adult requests.
14 Visuomotor adeptness is critical to developing the skills necessary to demonstrate social-emotional competence, such as interacting with and exploring the world, recognizing and mimicking facial expressions, nonverbal communication, and recognizing and manipulating symbols. Visuomotor deficits are extremely common in children born preterm at school age and are evident even after we controlled for other neurologic abnormalities. 28 It may be that the early behavioral competence deficits that EPT children demonstrate at 18-22 months result from visuomotor disabilities that contribute more to behavioral competence than to behavioral problems measured by the BITSEA Problem Scale. This could explain why cerebellar abnormalities were not associated with Problem Scale results.
Although cerebellar function has been shown to be important in the long-term neurodevelopment of children born EPT, near-term MRI is not currently routinely recommended in the management of children born EPT. 29 CUS is instead the routine neuroimaging method for identifying cranial abnormalities, although without appropriate views, cerebellar lesions are rarely visualized using this method. 11, 30 The present findings suggest that assessment of cerebellar findings on near-term MRI could prove a useful tool for prognostication for families of children born EPT, as cerebellar abnormalities on near-term MRI could serve as early neuroanatomic biomarkers of later behavioral competence.
Consistent with our findings at 18-22 months, studies of EPT children at school age have demonstrated that behavioral deficits are commonly associated with cognitive and language deficits found at that time. This finding has led some researchers to theorize that behavioral abnormalities underlie the deficits found in cognition, language and executive functioning in children born preterm at school age. 5 Recently, researchers have posited a "preterm behavioral phenotype" consisting of inattention, anxiety, and social difficulties. 6 A study by Scott et al demonstrated that children in kindergarten who were born EPT had deficits in competence skills, including behavioral organization and self-monitoring. 5 These findings remained significant even when children with neurosensory disorders or cognitive deficits were excluded, indicating that these children remain at risk for behavior problems even in the absence of global deficits.
Although most studies of behavioral outcomes in children born preterm report on children at school age or adolescence, a few other studies have demonstrated problems in behavioral competence in children born preterm, including poor self-regulation and social functioning, as early as 2 years of age. 6 There is also evidence that deficits found at preschool age remain stable from early childhood through school age. 7 Lower social competence in the preschool years is associated with more externalizing and internalizing behavior problems at 10-14 years of age. 31 It is possible that precursors of these school-age problems are present in very early childhood. Early social-emotional competence is vital for societal interaction and the development of the higher order executive processes critical to academic success. 32 Trials of parenting interventions in early childhood have demonstrated improvement in behavioral problems and improved behavioral competence among typically developing THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 204 infants and children as well as children born preterm. 33, 34 Thus, this delay in recognition of behavioral deficits may result in a missed opportunity for interventions aimed at improving this modifiable outcome.
Strengths of the study include the large sample size, multiple neuroimaging modalities assessed, and central reading of all neuroimaging. The study also had several notable limitations. First, although the BITSEA has been well-validated across multiple settings, this is an observational parent-report measure, and direct assessments of behavior were not used in the study. In addition, although Bayley-III cognitive and language scores were related to BITSEA social Competence, aspects of cognition that may mediate the effects of brain abnormalities on behavior, such as visuomotor skills, were not targeted for assessment. Further, a limited number of the CUS studies included mastoid views. Cerebellar injury may have been seen better by CUS in addition to near-term MRI had those views been obtained. It is also unknown whether findings at 18-22 months are predictive of findings at later ages, although followup of the NEURO cohort to school age will permit more comprehensive evaluation of associations of early brain abnormalities with neurodevelopmental outcomes. Also, the near-term MRI for this study called for a conventional, qualitative MRI only, with a goal of generalizability. Structured central reader evaluation was generally focused on WMAs according to a widely used scoring instrument at that time, 9, 12 which has since been expanded. 35 It is possible that advanced MRI, such as diffusion tensor imaging measures and volumetric measures, may have further detailed injury-outcome associations. Finally, language delays could account for the Competence Scale deficits seen, as language determines much social interaction at this age.
Our findings indicate that deficits in social-emotional competence are associated with cognitive and language deficits seen in toddlers born EPT and should be considered in early outcome studies of EPT children. In addition, cerebellar injury on near-term MRI may be a marker for early behavioral challenges. Further study is needed to assess whether early neuroimaging findings are associated with behavioral challenges through later childhood and whether early institution of interventions aimed at enhancing social-emotional competence may provide a means for improving developmental outcomes in EPT children. ■ Submitted for publication Jan 25, 2018 ; last revision received Aug 7, 2018; accepted Aug 23, 2018 Reprint requests: Andrea 
